Temporal trends and bioavailability assessment of heavy metals in the sediments of Deception Bay, Queensland, Australia by Brady, James et al.
1 
 
Temporal trends and bioavailability assessment of heavy metals in the 
sediments of Deception Bay, Queensland, Australia 
James P. Brady1, Godwin A. Ayoko*1, Wayde N. Martens1, Ashantha Goonetilleke2 
1Queensland University of Technology, Science and Engineering Faculty, School of 
Chemistry, Physics and Mechanical Engineering, GPO Box 2434, Brisbane, QLD, 4001, 
Australia 
2Queensland University of Technology, Science and Engineering Faculty, GPO Box 2434, 
Brisbane, QLD, 4001, Australia 
Correspondence to: g.ayoko@qut.edu.au; phone: 61 07 3138 2586 
Abstract 
Thirteen sites in Deception Bay, Queensland, Australia were sampled three times over a 
period of 7 months and assessed for contamination by a range of heavy metals, primarily As, 
Cd, Cr, Cu, Pb and Hg. Fraction analysis, enrichment factors and Principal Components 
Analysis-Absolute Principal Component Scores (PCA-APCS) analysis were conducted in 
order to identify the potential bioavailability of these elements of concern and their sources. 
Hg and Te were identified as the elements of highest enrichment in Deception Bay while 
marine sediments, shipping and antifouling agents were identified as the sources of the Weak 
acid Extractable Metals (WE-M), with antifouling agents showing long residence time for 
mercury contamination. This has significant implications for the future of monitoring and 
regulation of heavy metal contamination within Deception Bay. 
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Contamination of marine sediments by heavy metals (in particular, toxic metals) is a growing 
concern due to their toxic effects on local fauna and flora (Che et al., 2003; Liu et al., 2003). 
Marine sediments act as a sink for heavy metals, concentrating them and acting as a filter 
through precipitation and sequestration (Grecco et al., 2011; Nicholson et al., 2003; Satpathy 
et al., 2012). In addition to acting as heavy metal sinks, a number of simultaneous processes, 
including re-suspension and bioturbation, occur in marine and estuarine environments which 
can make them available for uptake into the biosphere (Birch and Taylor, 1999; González-
Fernández et al., 2011). 
Deception Bay (27°8’S, 153°6’E) is the northernmost embayment within Moreton Bay 
(27°15’S, 153°15’E), Queensland and is bordered to the north by Bribie Island, to the south 
by the Redcliffe Peninsular and to the west by Deception Bay. The area receives water inputs 
from the Caboolture River and Pumicestone Passage, with the Caboolture River being the 
major terrestrial sediment input (Dennison and Abal, 1999). Mineral sands flowing up the 
coast of Queensland flow into Deception Bay through the Northern Passage in Moreton Bay, 
acting as a source of elements such as Th and U (Arogunjo et al., 2009). 
There are significant possible metal sources at Deception Bay, including two shipyards, an 
anchorage within the mouth of the Caboolture River, as well as a Marina with an associated 
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fishing fleet within Pumicestone Passage. The Caboolture region which drains into the 
Caboolture River and into Deception Bay has undergone exponential growth since the 1980s, 
with an influx of population resulting in increase in vehicular traffic and light industry. 
Elements which are more likely to be bioavailable should be the focus of sediment risk 
assessment. However, it is more common in research to identify Total Metals (T-M), Total 
Recoverable Metals (TR-M) or to do a complete fraction analysis using the Tessier or BCR 
(Community Bureau of Reference) methods (Baptista Neto et al., 2000; Cox and Preda, 2005; 
Jones and Turki, 1997; Martin et al., 1987; Preda and Cox, 2001; Preda and Cox, 2002). Total 
Metals and Total Recoverable Metals methods tend to rely on harsh reagents such as 
hydrofluoric acid (HF) or Aqua Regia (AR) digestions which not only extract the most 
bioavailable metals but also attack the more inert minerals in the sediment (such as quartz), 
which releases metals that are not normally bioavailable, resulting in over-reporting of risk 
(Ahdy and Youssef, 2011; Lee et al.; Shikazono et al.; Shilla and Dativa, 2011). The use of 
sequential methods, such as the Tessier protocol (Tessier et al., 1979) or the BCR protocol 
(Cuong and Obbard, 2006) has identified chemistry problems, most notably re-precipitation 
of metals (Whalley and Grant, 1994). 
The use of Weak Acid extractable Metals (WE-M) has witnessed some use in the literature. 
However, the use of reagent is key, as some metals (most notably Pb and Hg) are not soluble 
as chlorides (from HCl). The use of nitric acid (HNO3) may lead to oxidation of metals which 
are not otherwise available (Agemian and Chau, 1976; Sutherland, 2002).  
The use of chelating acids (such as EDTA) has been reported, but these methods have not 
seen widespread use because dilute HCl has been found to be more efficient (Malo, 1977). In 
some cases, the use of dilute HCl has even been more efficient than the use of sequential 
extraction methodologies (Sutherland, 2002) in assessing the weakly bound elements. 
Historically, there has been little research into heavy metal contamination in Moreton Bay, 
with the latest work being an analysis of intertidal sediment cores, which found that there was 
some enrichment of Pb, Zn, Cd and Ni in intertidal regions. This finding was linked to 
settlement of the area (Morelli et al., 2012). The only other significant investigation on 
sediment contamination in Moreton Bay was undertaken in 1979 (Wallace and Moss, 1979), 
which examined Pb and Hg, but found little contamination. Both of these studies focussed on 
a limited number of sampling sites and provided limited information about the spatial 
variation and environmental risk of heavy metal contamination in the Bay. 
Sampling sites were selected to achieve a systematic coverage of the sampling area. The 
depth of the sampling sites had to be considered, as the depth of Deception Bay varies from 
less than 0.5 m at high tide around site DB5 and DB6 to more than 10 m at other sites, which 
had significant impact on the efficiency of the sampling dredge. 
Sediment samples were taken from the sampling area (Figure 1) using a Van Veem 7.5 kg 
sample dredge, before being placed in clean plastic sampling bags and stored on ice. Once the 
samples were in the laboratory, they were freeze-dried and sieved to less than 100 µm to 
remove coarse materials such as pebbles and pieces of shell prior to digestion. Generally, the 
samples were fine-grained, with the only debris left after sieving being pieces of shell or 
larger rocks, which made up less than one percent of the total materials. 
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Figure 1: Deception Bay sampling site locations, with anchorages marked by arrows 
A background sample was taken from the upper reaches of the Caboolture River near 
Rocksberg at 27°6’30”S, 152°50’58”E; a second background sample was taken from the 
Bongaree Jetty (27°5’2” S, 153°9’ 28”E) to account for sand coming from Pumicestone 
Passage and a third background sample was taken from Woorim Beach 
(27°5’2”S, 153°12’26”E) to account for sand entering Deception Bay from the north. These 
samples were treated in the same way as the sediment samples. Previous work on the 
background sites identified Caboolture River as the largest contributor to sediment deposition 
in Deception Bay (Brady et al., 2014; Hancock, 2001a; Hancock, 2001b; Milford and Church, 
1977) and this resulted in the use of the Caboolture River background site rather than the 
other two background sites, which had much smaller sediment contributions to the area. 
Weak-acid Recoverable metals were digested using a method similar to that has been well 
reported in the literature (Agemian and Chau, 1976; Hu et al., 2011; Sutherland, 2002) by 
placing 0.05 g of sample into a pre-cleaned 50 cm3 centrifuge tube, and 50 cm3 of 1 M nitric 
acid (twice distilled) was added. The samples were then tumbled end-over end overnight (for 
a minimum period of 6 hours) to ensure complete extraction of the weak-acid soluble 
fraction. Samples were then centrifuged at 3500 RPM for 5 minutes and analysed using an 
Agilent 8800 ICP-MS/MS. 
Total Recoverable Metals (TR-M, which recover elements that are not bound within the 
quartz structure) digestions were completed by placing 0.05 g sample into a Teflon sample 
tube, adding 3 cm3 twice distilled HNO3 and 1 cm3 twice distilled HCl and 0.1 cm3 
1000 mg/L Au standard (as a preservative for Hg). The samples were then digested using a 
Milestone Ultrawave microwave digester by ramping to 260 °C in 20 minutes and holding for 
40 mins at 260 °C. The samples were then placed into a 50 cm3 centrifuge tube, diluted to 
50 cm3 using ultrapure water (18.2 MΩ resistivity) and centrifuged at 3000 RPM for 5 
minutes before analysis using an Agilent 8800 series ICP-MS/MS. This collected data is 
available in the supplementary information provided. 
In order to ensure the integrity of the sampling program, field and trip blanks were used, 
along with random duplicate samples (which were selected before each sampling run) being 
collected and analysed during each sampling cycle. Reagent and water blanks were analysed 
according to NATA (2012) and US EPA (2001) recommendations. In addition, the CRM 
(Certified Reference Material) MESS-3 (NRC, Canada) was analysed for the elements of 
interest and was treated to the same digestion procedures as the samples, with a ratio of 1 
Anchorages
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CRM to every 20 samples for the WE-M digestions and 1 CRM to every 15 samples for the 
TR-M digestions. The reference material was then used to correct for instrumental 
suppression during the course of analysis. 
There are very few available CRMs which fractionate the elements; this presented difficulties 
in assessing the efficiency of the weak acid extractable step. The mean, standard deviation 
and relative standard deviations (along with recovery) were determined for the reference 
material and tracked during the analysis to ensure that there were no major variations within 
the analysis procedure (Table 1). Generally the RSDs were lower than eleven percent, with 
the exceptions of Hg and Te which had RSDs around 40-50% which suggests that these 
elements are at the limits of their extraction and analysis. Elements such as Ga, Te, Ce and Th 
did not have a reference value, which makes it difficult to assess the efficiency of their 
extraction processes. 
 
Table 1 WE-M Metal recoveries for MESS-3 sediment standard 
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Al 0.05 0.16 85900 19.1 5.4 16400 100 10.6 85900 
Ti 0.014 0.04 4400 2.8 9.2 123.2 6.1 37.2 268.4 
V 0.002 0.007 243 27.6 5.6 67 100 8.8 243 
Cr 0.003 0.009 105 24.8 5.2 26 100 8.8 105 
Mn 0.002 0.005 324 93.8 1.7 303.9 98.1 7.9 317.844 
Fe 0.038 0.12 43400 89.2 5.7 38700 100 9.3 43400 
Co 0.0003 0.001 14.4 88.2 5.6 12.7 100 8.3 14.4 
Ni 0.001 0.004 46.9 81 5.6 37.9 99.6 10.1 46.7124 
Cu 0.0007 0.002 33.9 91.7 4.9 31.1 100 9.5 33.9 
Zn 0.012 0.033 159 90.6 8.2 144 100 11.1 159 
Ga 0.0003 0.0008 -- -- 10.4 -- -- 9.3 -- 
As 0.001 0.004 21.2 60.8 2.2 12.9 100 9.1 21.2 
Cd 0.00006 0.0002 0.24 91.7 10.3 0.22 104.2 14.2 0.25008 
Sb 0.0002 0.0005 1.02 34.3 4.73 0.35 100 32.8 1.02 
Te 0.0002 0.0006 -- -- 53.4 -- -- 67.8 -- 
Ce 0.0009 0.002 -- -- 1.9 -- -- 10.1 -- 
Hg 0.0005 0.001 0.09 66. 7 40.5 0.06 100 39.7 0.09 
Tl 0.002 0.004 0.9 22.2 8.8 0.19 100 8 0.9 
Pb 0.0005 0.002 21.1 85.4 1.6 18 100 9.9 21.1 
Th 0.0004 0.001 -- -- 3.4 -- -- 10 -- 
U 0.0001 0.0003 4 25 3.9 1 100 11.8 4 
a: LOD: Limit of Detection for the analysis method 
b: LOQ: Limit of Quantification for the analysis method 
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The WE-M recovery was compared against the work done by Townsend et al. (2007), who 
used a 4 hour extraction in 1 M HCl compared to an overnight extraction (~6 hours) in 1 M 
HNO3. Significant differences between the recoveries of the two studies were found, as 
shown in Table 2. The recoveries in this work were considerably higher than those of 
Townsend et al. (2007), with recoveries ranging from 1.3 times greater, up to 11 times greater 
than previous work. This is a significant difference between the two studies and requires 
further investigation to identify if the differences in extraction efficiency are caused by the 
identity of the acid (HNO3 against HCl), extraction time (6 hours compared to 4 hours) or 
other environmental factors. 
TR-M extraction efficiency was compared against the work of Roje (2010) (see Table 2), 
who compared the relative efficiencies of four TR-M extractions on the MESS-3 standard.  
Table 2: Comparison of this work with the work of Townsend et al. (2007) and Roje 
(2010) in their digestions of CRM MESS-3 
Element Expected (mg.kg-1) 
WE-M TR-M 
This study 
(mg.kg-1) 
Townsend et al. 
(2007) 
This study 
(mg.kg-1) Roje (2010) 
Al 85900 ± 2300 16400 ± 30 1870 ± 270 85900 ± 200 62000 ± 2800 
Ti 4400 ± 600 123.2 ± 0.2 -- 268.4 ± 0.5 509 ± 30.4 
V 243 ± 10 67 ± 0.1 27 ± 3 243 ± 0.5 213 ± 8.82 
Cr 105 ± 12 26 ± 0.05 3.3 ± 0.07 105 ± 0.2 88.9 ± 4.25 
Mn 324 ± 12 303.9 ± 0.6 179 ± 11 317.8 ± 0.6 286 ± 12.1 
Fe 43400 ± 100 38700 ± 80 9040 ± 920 43400 ± 100 36000 ± 1100 
Co 14.4 ± 2 12.7 ± 0.03 4.4 ± 0.4 14.4 ± 0.03 12.9 ± 0.36 
Ni 46.9 ± 2.2 37.9 ± 0.08 8 ± 1 46.71 ± 0.09 44.3 2.33 
Cu 33.9 ± 1.6 31.1 ± 0.06 -- 33.9 ± 0.06 29 ± 1.15 
Zn 159 ± 8 144 ± 0.3 53 ± 4 159 ± 0.3 133 ± 1.47 
Ga -- -- -- -- -- 
As 21.2 ± 1.1 12.9 ± 0.03 <7 21.2 ± 0.04 17.7 ± 0.25 
Cd 0.24 ± 0.01 0.22 ± 0.0004 0.16 ± 0.02 0.2501 ± 0.0005 0.23 ± 0.01 
Sb 1.02 ± 0.09 0.35 ± 0.0007 -- 1.02 ± 0.002 0.08 ± 0.04 
Te -- -- -- -- -- 
Ce -- -- -- -- -- 
Hg 0.09 ± 0.02 0.06 ± 0.0001  0.09 ± 0.0002 -- 
Tl 0.9 ± 0.06 0.19 ± 0.0004 < 0.02 0.9 ± 0.002 0.75 ± 0.06 
Pb 21.1 ± 0.7 18 ± 0.04 13 ± 2 21.1 ± 0.04 19.6 ± 0.99 
Th -- -- -- -- -- 
U 4 ± 1 1 ± 0.002 0.68 ± 0.07 4 ± 0.008 1.80 ± 0.10 
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When compared against the result of this study, it was determined that the extraction 
conditions Roje (2010) used, which were most similar to this study were: 9:1 HNO3:HCl. 
Generally the recoveries were slightly elevated for this work, with the exception of Ti, which 
was lower than the work of Roje (2010). Al, Sb, Hg and U had significantly higher recoveries 
than the work report by Roje, and this may be attributed to a higher extraction temperature 
(260 °C as opposed to 230 °C) and longer hold time (40 mins compared to 20 mins). 
Enrichment factors (EF, Equation 1, where Cx is the concentration of the element of interest 
and Cref is the concentration of the reference element) and Modified Nemerow Pollution 
indices (MPI, Equation 2), were calculated for each sampling site within Deception Bay. The 
Modified Pollution Index is a combination of the Nemerow Pollution Index (PI, Equation 3, 
which uses Contamination Factors, CF, Equation 4) and Enrichment Factors and seeks to 
minimise the limitations of the Nemerow Pollution Index (namely: that it does not account 
for complex sediment behaviour). These pollution indices were used to provide an 
assessment of sediment quality at each sampling site. 
X
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Multivariate statistical analysis techniques used included Principal Components Analysis 
(PCA) and Principal Components Analysis-Absolute Principal Component Scores (PCA-
APCS). 
PCA is a method which is becoming popular in geochemical research in recent years due to 
its ability to reduce data in large datasets into a smaller number of Principal Components 
(PCs) that explain most of the variance (Yongming et al., 2006). As the output of PCA is 
usually visually presented, it is a powerful tool that can be used to explain groupings of 
elements based on their correlations to each other (Hu et al., 2011; Saraee et al., 2011; 
Thuong et al., 2013). One of the important advantages of PCA is that each of the PCs show a 
characteristic group of elements that can be linked to a source. PCA-APCS is an advanced 
PCA technique which can be used to apportion the contribution of each PC to the total 
concentrations of each element present in a sample (Mostert et al., 2012; Pekey et al., 2005; 
Retnam et al., 2013; Zhou et al., 2007). 
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Fraction analysis is a method of determining the weak acid soluble loading of a metal at a 
sampling site (Equation 5). It can be used to assess the potential bioavailability of an element 
as it compares the weak acid soluble concentration of an element against its’ total 
concentration. Fraction analysis was completed for V, Cr, Co, Ni, Zn, As, Cd, Hg, Pb and Tl 
for each sampling site and each set of samples, based on weak acid recoverable metals (WE-
M) and the total recoverable metals (TR-M). The resulting fractionation is shown in the 
boxplots below (Figure 2). 
( )% 100WE MWE M TR M−− = ×−         (5) 
 
Figure 2 Box and whisker plots of the % weak acid soluble metal fractions, with outliers 
identified as dots for the sampling runs in April, June and November 2012 
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It is evident from the boxplots that with the exception of As, Ni and V (which show no trends 
in concentration across the bay) and the concentration of Zn which is increasing over the 
sampling period that the other elements are generally decreasing in concentration. This 
decrease in concentration is most profound for Hg, although it is also evident for Pb, Cu and 
Co. This is suggestive of the occurrence of sequestration processes, with the weakly bound 
fractions of these elements decreasing over a time period where there is historically little flow 
into Deception Bay (Dennison and Abal, 1999). 
The trends in V and Ni can be linked to marine traffic (Lewan, 1984; Lewan and Maynard, 
1982; Schirmacher et al., 1993), while the lack of a trend for As suggests that the input of this 
element into Deception Bay is keeping pace with any sequestration that is occurring.  
Enrichment factors were calculated for all of the elements in this study by comparing the 
weak acid soluble concentration of the element of interest against the total recoverable 
aluminium concentration. Some of these Enrichment Factors are shown in Figure 3. 
Generally, the enrichment factors for the elements of interest are very low, usually less than 
1, which is indicative of no pollution, although there is some enrichment for As, Pb, Tl and 
Ce as well and high enrichment of Hg and Te. For Hg and Te, the enrichment factors are very 
high because the background concentrations of these two elements are below the method 
detection limit (MDL). This resulted in the use of one half of the MDL to calculate 
enrichment. Accordingly, it can be ascertained that both Hg and Te in Deception Bay are 
entirely anthropogenic in nature and that a thorough investigation of the sources of these 
elements should be conducted. 
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Figure 3: Enrichment of various elements in Deception Bay showing enrichment for Hg, 
Te, As, Pb, Tl and Ce for each of the sampling runs. 
 
The enrichment of the elements around site DB1, which is the mouth of the Caboolture River 
is lower than the rest of Deception Bay (excluding Tl), and this suggests that this area either 
has no pollution sources or is in a high state of sediment flux. Considering the presence of a 
shipyard and anchorages at the mouth of the Caboolture River, high sediment flux is the more 
likely explanation for the relatively low enrichment of elements at site DB1. 
Generally, the sites that have previously been identified as sandy (Brady et al., 2014) showed 
higher enrichment of weak-acid soluble metals than other sites. This can be attributed to 
lower aluminium contents of the sandy sites (Sites DB3, DB4, DB5, DB6, DB9 and DB11) 
than of the other sites. Considerable depletion of Al can result in the artificial inflation of 
Enrichment Factors, which is an issue when using normalising elements which have been 
associated with terrestrial sediments (Qingjie et al., 2008). Higher levels of enrichment at 
sites DB12 and DB13 can be associated with areas of low flow and higher sedimentation. 
From the enrichment factors, one probable source of Hg is the Caboolture River, due to the 
high enrichment factor in the April sampling run. Notable sources of Hg can include 
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antifouling agents (Almeida et al., 2007) , boatyards (Eklund and Eklund, 2014) , wastewater 
treatment plants (da Silva Oliveira et al., 2007), as well as landfills (Machado et al., 2002) 
where fluorescent bulbs (Tunnessen et al., 1987), batteries and other industrial wastes 
containing Hg may have been disposed. In the area around the mouth of the Caboolture River 
there are two boatyards, a wastewater treatment plant and an industrial area; all of which 
could potentially act as sources of Hg in sediments. The rapid decrease in enrichment 
between runs might be indicative of considerable sediment flux in the area, in particular high 
deposition of Hg in this area, although further work would be required to confirm this 
hypothesis. 
Te is most enriched at site DB9 in the April sampling run, with sites DB4, DB7 and DB11 
also showing high enrichment. Sites DB 10, DB12 and DB13 show a pattern of increasing 
enrichment that is indicative of a pool of sediment around sites DB12 and DB13 in which Te 
is weakly bound. This pooling also suggests that there is a sediment sink, and that this is the 
most contaminated area in Deception Bay. This is supported by various studies which have 
modelled the circulation of water in Moreton Bay (Dennison and Abal, 1999; McEwan, 1998; 
Milford and Church, 1977; Moss et al., 1992) and in these studies, areas of low flow have 
been linked to areas of high sedimentation. Further evidence of this sediment sink is the 
temporal modelling of the data by PCA-APCS (as described below). Additional work in this 
area could provide further definitive information. 
 
Figure 4: Modified Nemerow pollution indices for Deception Bay for the sampling runs 
in April, June and November of 2012. 
The Modified Nemerow pollution indices across Deception Bay (Figure 4) show that there is 
significant concern about many of the sites in Deception Bay. An examination of the cause of 
the high MPI values indicates that the enrichment of Hg is the major contributor to the MPI 
(Figure 3). The MPI for site DB1 shows a large drop-off in contamination over the sampling 
time-frame. This supports the hypothesis that there is a very large sediment flux across 
Deception Bay, which is most likely due to large water flow during the local wet season 
(October to April) followed by suspended sediment settling during winter (June to August) 
when there is little current flow around the bay (Dennison and Abal, 1999). Sites DB10, 
DB11 and DB12 show an initial increase in contamination, which indicates that sediment 
flow across the bay. Site DB12 is in the southwest corner of Deception Bay and sites DB10 
and DB11 are to the east of site DB12 and this provides evidence that site DB12 acts as a 
sediment sink. The decrease in contamination of site DB12 in November 2012 is suggestive 
of sequestration, probably through burial due to sediment deposition, although further work 
on sedimentation in Deception Bay will provide a more definitive answer. 
The Principal Component Analysis for the weakly-bound fraction (WE-M) found that there 
are three PCs which explain 87% of the total variance. The loadings plot (Figure 5) shows 
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several groups of metals. The first grouping consists of Ti, Ni, Sb, Cu while the second 
grouping consists of Al, Ga, Co, Zn, Fe, Th, Tl, Mn, Ce, U, Pb and As. The third grouping is 
made up of Hg and Te while Cr and Cd are isolated. The first grouping of Ti, Ni, Sb and Cu 
is interesting as Ti has been linked to volcanic sediments in the past (Force, 1991) and fits the 
geological history of Moreton Bay (Hekel et al., 1979). The second grouping of elements (Al, 
Ga, Co, Zn, Fe, Th, Tl, Mn, Ce, U, Pb and As) shows elements which are frequently 
identified as terrestrial sediments (Al and Fe); elements which are identified as marine 
sediments (Mn and As) (Hu et al., 2011) as well as elements which are commonly found in 
mineral sands (Th and U) (Arogunjo et al., 2009). These point to a marine sedimentary 
source. The grouping of Te and Hg together is unexpected and requires further examination. 
To develop a better understanding of these groupings, PCA –APCS was conducted. 
 
Figure 5: PCA loadings plot based on the WE-M data for Deception Bay, all runs. 
(81.76% Variance explained by PC1 and PC2) 
The application of PCA-APCS on this data shows that there are three factors of interest, the 
first factor (Figure 6) contains Mn, As, Ce, Fe and Co as major contributors, with minor 
amounts of Al, Ti, V, Zn, Ga, Pb, Th and U and is responsible for about 62% of the 
contribution. 
 
Figure 6: Factor 1 source profile for Deception Bay 
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The presence of Mn and As together in Factor 1 is indicative of marine sediments (Hu et al., 
2011) and the linkage between these two elements is supported by previous work which 
linked the co-precipitation of these two elements in the environment (Takamatsu et al., 1985). 
Likewise, the presence of Th and U has been linked to mineral sands (Arogunjo et al., 2009) 
and this supports the finding that source 1 is marine sediment. 
The contributions plot for factor 1 (Figure 7) shows that the contribution of the first source is 
most profound at sites DB2, DB7, DB8, DB12 and DB13. With the exception of DB2, which 
is just north of the mouth of the Caboolture River, these sites are around the middle or 
southwest corners of Deception Bay and have been identified as non-sandy areas where 
sediments are likely to settle (Brady et al., 2014).  
 
Figure 7: Contributions for Source 1 for Deception Bay, showing contributions for all 
three sampling runs 
Examination of the contributions of source 1 over the three sampling runs shows that 
generally, the contributions stay relatively constant over the sampling timeframe, which is 
consistent with the association of the source with certain sites such as DB7 and DB8. 
The second source of metals in Deception Bay (Factor 2, Figure 8) has significant 
contributions from Ti, V, Cr, Co, Ni, Cu, Cd and Sb, with a minor contribution from Al. This 
factor accounts for about 28% of the total contribution and the presence of Ni and V in the 
factor is indicative of the combustion of oils, which can be linked to shipping (Lewan, 1984; 
Lewan and Maynard, 1982; Schirmacher et al., 1993). The high Cu contribution to the factor 
can be linked to antifouling paints (Moffett et al., 1997). The Cd in this source is considered 
to be anthropogenic as there is no contribution of Zn to this source, which would be expected 
if the Cd in this source was lithogenic. 
 
 
Figure 8: Factor 2 source profile for Deception Bay 
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The contribution of this source to the sampling areas (Figure 9) shows that the major 
contributions are linked to sites DB1, DB10 and DB12. Site DB1 is the mouth of the 
Caboolture River, which has a shipyard and anchorages in the area and site DB10 is on the 
channel leading to the Redcliffe Boat harbour. This further reinforces this source as being 
shipping related. Site DB12 is in the southwest corner of the sampling area, which is an area 
of low flow velocity and high sedimentation. 
 
Figure 9: Contributions for source 2 across all sampling runs 
The third factor (Figure 10) shows high contributions from Cr, Te, Hg, Tl and U with 
significant contributions from Pb, Th, Cu, Zn, Ga and Al. Cu can be linked to antifouling 
paints (Moffett et al., 1997), along with the Te, Hg, Ga and Al (Harada et al., 1994). The 
presence of Cr can be linked to harbour sediments (Burton et al., 2004), and this lends 
support to the probability that this factor can be linked to antifouling agents and shipping. 
Further evidence supporting Hg based antifouling agents is the work of Almeida et al. (2007), 
who noted Hg based antifouling agents have been used in the 1950s before being phased out 
around 1990. The presence of Te in this source can also be linked to antifouling agents 
(Harada et al., 1994), as well as alloys which use Te to minimise seawater corrosion 
(Waitkins et al., 1942). 
 
Figure 10: Factor 3 source profile for Deception Bay 
The contributions plot for source 3 (Figure 11) again shows that the major contributions are 
at sites DB1 (just off the mouth of the Caboolture River) and site DB10, which is just off the 
channel leading into Redcliffe Harbour. The fact that both of these sites have harbours and/or 
shipyards nearby supports the possibility that source 3 is linked to antifouling agents. Sites 
DB8 and DB12 are areas where high sedimentation is likely since site DB8 is in the middle 
of Deception Bay and site DB12 is in the south west corner of Deception Bay, which are 
areas of low water flow between April and November. 
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Figure 11: Contributions plot for source 3, showing the contributions in each sampling 
run 
 
The fraction analysis found that the weak acid soluble metals were generally decreasing, with 
the exceptions of As, Ni and V, which displayed no trend and Zn, which was increasing over 
the sampling period. In addition, the enrichment factors found that with the exceptions of Te 
and Hg, there was only minor enrichment of elements across most sites. Sites DB11, DB12 
and DB13 seems to act as sediment sinks and the source of Hg in Deception Bay is likely to 
be in the areas around sampling site DB1 and DB10, in the area around a shipyard and 
anchorages. The modified Nemerow Pollution indices were most affected by the enrichment 
of Te and Hg in the samples. The MPIs also indicated that sites DB10, DB11 and DB12 were 
likely to be a sediment sink. 
The PCA analysis found 3 sources that accounted for 87% of the total metal concentrations in 
the samples. The PCA-APCS allowed the first source to be identified as marine sediments, 
based on the presence of Ti, U and Th with the largest contribution of this source being from 
sites DB10, DB12 and DB13, which supports other evidence that there is a sediment sink in 
the southwest corner of Deception Bay. The second source identified was attributed to 
shipping as indicated by the V and Ni contributions. The presence of Cu, most likely from 
antifouling agents, supports this hypothesis, along with the facts that the sampling sites 
outside anchorages at sites DB1 and DB10. The third source identified can be attributed to 
antifouling agents, both historical (Hg) and current (Cu2O and Al(SCN)3). The major 
contributions from this source can again be linked back to shipyards and anchorages around 
sampling sites DB1 and DB10. 
Generally, the level of weak acid soluble contaminant metals in Deception Bay can be 
considered to be relatively low, with the exceptions of Hg and Te, which were not found at 
the background sampling location and represents some risk to the ecology of Deception Bay. 
There is also some suggestion of the south west corner of Deception Bay being a sediment 
sink, based on the enrichment and PCA-APCS modelling. Further in-depth analysis of this 
area (including the use of core sampling and benthic testing) would provide insight into 
historical trends in heavy metals deposition, sequestration and the risk posed by these 
elements. 
There are three major sources of heavy metals in Deception Bay: marine sediments, shipping 
and antifouling agents. This suggests that the heavy marine traffic in Moreton Bay may be a 
concern that warrants further work in order to ensure that the contribution of marine traffic to 
the heavy metals load in Moreton Bay is minimised. 
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Background values 
 Al Ti V Cr Mn 
 PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
WE-WB 579 1 10.15 0.02 1.638 0.003 170.0 0.3 19.14 0.04 
TR-WB 1529 3 99.75 0.20 10.539 0.021 602.2 1.2 34.06 0.07 
WE-BJ 355 1 5.93 0.01 1.398 0.003 151.0 0.3 16.94 0.03 
TR-BJ 1051 2 64.75 0.13 7.863 0.016 468.3 0.9 25.34 0.05 
WE-CR 18438 37 1483.30 2.97 68.278 0.137 146.5 0.3 493.16 0.99 
TR-CR 45777 92 760.16 1.52 177.724 0.355 353.7 0.7 645.57 1.29 
 
 Fe Co Ni Cu Zn 
 PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
WE-WB 3823 8 1.271 0.003 10.05 0.02 2.568 0.005 3.367 0.007 
TR-WB 5154 10 1.669 0.003 13.85 0.03 3.557 0.007 6.366 0.013 
WE-BJ 3236 6 1.069 0.002 8.78 0.02 2.317 0.005 1.213 0.002 
TR-BJ 4071 8 1.306 0.003 10.48 0.02 2.696 0.005 5.060 0.010 
WE-CR 29103 58 21.828 0.044 48.12 0.10 27.097 0.054 37.185 0.074 
TR-CR 56490 113 21.995 0.044 46.90 0.09 29.791 0.060 44.330 0.089 
 
 Ga As Cd Sb 
 PPM +/- PPM +/- PPM +/- PPM +/- 
WE-WB 0.738 0.001 0.969 0.002 0.01069 0.00002 0.05138 0.00010 
TR-WB 0.794 0.002 1.303 0.003 0.01578 0.00003 0.18838 0.00038 
WE-BJ 0.485 0.001 0.457 0.001 0.00614 0.00001 0.04351 0.00009 
TR-BJ 0.591 0.001 0.712 0.001 0.00707 0.00001 0.21691 0.00043 
WE-CR 5.965 0.012 3.090 0.006 0.05226 0.00010 0.21076 0.00042 
TR-CR 13.728 0.027 8.251 0.017 0.13348 0.00027 0.31203 0.00062 
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 Te Ce Hg Tl 
 PPM +/- PPM +/- PPM +/- PPM +/- 
WE-WB 0.02804 0.00561 1.578 0.003 0.01850 0.00370 0.00076 0.00001 
TR-WB 0.00000 0.00000 4.051 0.008 0.00792 0.00158 0.02083 0.00004 
WE-BJ 0.00000 0.00000 1.127 0.002 0.02302 0.00460 0.00076 0.00001 
TR-BJ 0.00000 0.00000 2.585 0.005 0.02302 0.00460 0.01344 0.00003 
WE-CR 0.00017 0.00003 7.401 0.015 0.00024 0.00005 0.01667 0.00003 
TR-CR 0.02248 0.00450 19.056 0.038 0.04494 0.00899 0.07554 0.00015 
 
 Pb Th U 
 PPM +/- PPM +/- PPM +/- 
WE-WB 0.484 0.001 0.1980 0.0004 0.0402 0.0001 
TR-WB 1.087 0.002 0.6845 0.0014 0.2681 0.0005 
WE-BJ 0.473 0.001 0.0893 0.0002 0.0331 0.0001 
TR-BJ 0.929 0.002 0.5072 0.0010 0.2264 0.0005 
WE-CR 2.410 0.005 0.7841 0.0016 0.0997 0.0002 
TR-CR 4.235 0.008 1.4689 0.0029 0.7453 0.0015 
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April 2012 Sampling Data 
 
Al Ti V Cr 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R2-DB1 17508 35 239.04 0.48 46.482 0.093 79.8 0.2 
TR-R2-DB1 53321 107 389.06 0.78 120.283 0.241 195.8 0.4 
WE-R2-DB2 19830 40 415.61 0.83 34.994 0.070 57.6 0.1 
TR-R2-DB2 37398 75 935.92 1.87 87.931 0.176 179.2 0.4 
WE-R2-DB3 9101 18 188.62 0.38 16.132 0.032 84.3 0.2 
TR-R2-DB3 21617 43 670.84 1.34 51.445 0.103 301.7 0.6 
WE-R2-DB4 5687 11 95.92 0.19 12.334 0.025 99.7 0.2 
TR-R2-DB4 16098 32 273.98 0.55 26.327 0.053 321.6 0.6 
WE-R2-DB5 2246 4 43.50 0.09 5.482 0.011 102.4 0.2 
TR-R2-DB5 5781 12 313.45 0.63 14.992 0.030 340.6 0.7 
WE-R2-DB6 2319 5 39.90 0.08 4.780 0.010 103.8 0.2 
TR-R2-DB6 5754 12 241.69 0.48 14.138 0.028 358.1 0.7 
WE-R2-DB7 15679 31 235.98 0.47 29.765 0.060 54.2 0.1 
TR-R2-DB7 31412 63 562.26 1.12 54.236 0.108 123.3 0.2 
WE-R2-DB8 22220 44 374.54 0.75 40.793 0.082 58.0 0.1 
TR-R2-DB8 49954 100 624.95 1.25 86.064 0.172 131.7 0.3 
WE-R2-DB9 2990 6 61.34 0.12 6.829 0.014 86.1 0.2 
TR-R2-DB9 8436 17 334.07 0.67 17.628 0.035 303.5 0.6 
WE-R2-DB10 31476 63 526.83 1.05 57.411 0.115 75.3 0.2 
TR-R2-DB10 68693 137 400.91 0.80 92.139 0.184 134.5 0.3 
WE-R2-DB11 7528 15 144.65 0.29 15.002 0.030 73.1 0.1 
TR-R2-DB11 19936 40 421.89 0.84 40.956 0.082 242.1 0.5 
WE-R2-DB12 22708 45 411.50 0.82 44.100 0.088 53.7 0.1 
TR-R2-DB12 57026 114 548.55 1.10 88.410 0.177 126.8 0.3 
WE-R2-DB13 19584 39 361.60 0.72 36.640 0.073 53.0 0.1 
TR-R2-DB13 37764 76 723.80 1.45 73.007 0.146 123.5 0.2 
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Mn Fe Co Ni 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R2-DB1 243.51 0.49 26980 54 14.641 0.029 20.91 0.04 
TR-R2-DB1 361.54 0.72 43844 88 17.408 0.035 29.61 0.06 
WE-R2-DB2 446.66 0.89 27099 54 13.722 0.027 15.24 0.03 
TR-R2-DB2 532.20 1.06 41407 83 17.586 0.035 24.15 0.05 
WE-R2-DB3 232.54 0.47 17214 34 8.292 0.017 10.76 0.02 
TR-R2-DB3 333.15 0.67 28627 57 11.592 0.023 17.36 0.03 
WE-R2-DB4 140.57 0.28 10027 20 4.316 0.009 9.86 0.02 
TR-R2-DB4 150.70 0.30 13789 28 5.475 0.011 13.18 0.03 
WE-R2-DB5 87.36 0.17 4766 10 1.929 0.004 7.21 0.01 
TR-R2-DB5 97.00 0.19 6655 13 2.548 0.005 9.40 0.02 
WE-R2-DB6 111.93 0.22 4877 10 2.272 0.005 7.70 0.02 
TR-R2-DB6 111.00 0.22 6556 13 2.868 0.006 9.42 0.02 
WE-R2-DB7 657.54 1.32 39251 79 16.464 0.033 14.87 0.03 
TR-R2-DB7 529.93 1.06 44901 90 18.014 0.036 20.23 0.04 
WE-R2-DB8 545.31 1.09 33998 68 16.564 0.033 19.91 0.04 
TR-R2-DB8 518.14 1.04 46881 94 19.688 0.039 28.72 0.06 
WE-R2-DB9 260.41 0.52 6328 13 2.825 0.006 7.46 0.01 
TR-R2-DB9 236.39 0.47 8725 17 3.760 0.008 9.78 0.02 
WE-R2-DB10 599.31 1.20 39789 80 18.308 0.037 27.36 0.05 
TR-R2-DB10 518.34 1.04 49296 99 19.928 0.040 35.96 0.07 
WE-R2-DB11 418.05 0.84 17133 34 9.524 0.019 10.41 0.02 
TR-R2-DB11 413.95 0.83 25456 51 12.528 0.025 16.00 0.03 
WE-R2-DB12 744.41 1.49 34007 68 16.917 0.034 20.60 0.04 
TR-R2-DB12 648.07 1.30 48266 97 20.713 0.041 31.57 0.06 
WE-R2-DB13 656.70 1.31 29260 59 14.529 0.029 16.92 0.03 
TR-R2-DB13 559.34 1.12 38009 76 16.434 0.033 23.85 0.05 
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Cu Zn Ga As 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R2-DB1 20.486 0.041 49.413 0.099 7.221 0.014 5.669 0.011 
TR-R2-DB1 25.825 0.052 71.422 0.143 14.148 0.028 10.664 0.021 
WE-R2-DB2 8.225 0.016 41.561 0.083 7.098 0.014 6.217 0.012 
TR-R2-DB2 13.229 0.026 63.099 0.126 10.403 0.021 10.398 0.021 
WE-R2-DB3 4.168 0.008 21.571 0.043 3.929 0.008 3.927 0.008 
TR-R2-DB3 7.750 0.015 36.840 0.074 6.192 0.012 6.116 0.012 
WE-R2-DB4 4.714 0.009 15.011 0.030 2.545 0.005 3.575 0.007 
TR-R2-DB4 6.564 0.013 21.411 0.043 4.096 0.008 4.074 0.008 
WE-R2-DB5 2.553 0.005 4.694 0.009 1.518 0.003 2.007 0.004 
TR-R2-DB5 4.854 0.010 8.895 0.018 1.926 0.004 2.672 0.005 
WE-R2-DB6 2.635 0.005 5.190 0.010 1.851 0.004 1.951 0.004 
TR-R2-DB6 3.904 0.008 11.595 0.023 1.928 0.004 2.857 0.006 
WE-R2-DB7 6.492 0.013 43.930 0.088 5.992 0.012 8.666 0.017 
TR-R2-DB7 9.368 0.019 61.533 0.123 8.753 0.018 12.548 0.025 
WE-R2-DB8 13.267 0.027 111.833 0.224 8.444 0.017 6.468 0.013 
TR-R2-DB8 18.607 0.037 117.533 0.235 13.244 0.026 11.842 0.024 
WE-R2-DB9 3.107 0.006 8.765 0.018 1.505 0.003 2.340 0.005 
TR-R2-DB9 4.583 0.009 15.904 0.032 2.342 0.005 3.251 0.007 
WE-R2-DB10 18.213 0.036 82.554 0.165 10.394 0.021 5.903 0.012 
TR-R2-DB10 22.247 0.044 101.672 0.203 16.823 0.034 9.104 0.018 
WE-R2-DB11 4.671 0.009 23.808 0.048 3.420 0.007 3.740 0.007 
TR-R2-DB11 8.151 0.016 37.436 0.075 6.236 0.012 7.295 0.015 
WE-R2-DB12 12.454 0.025 58.516 0.117 8.526 0.017 7.077 0.014 
TR-R2-DB12 18.480 0.037 80.392 0.161 13.726 0.027 10.987 0.022 
WE-R2-DB13 9.003 0.018 47.479 0.095 6.805 0.014 6.869 0.014 
TR-R2-DB13 12.835 0.026 57.719 0.115 9.919 0.020 9.959 0.020 
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Cd Sb Te Ce 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R2-DB1 0.02852 0.00006 0.08995 0.00018 0.00973 0.00195 28.264 0.057 
TR-R2-DB1 0.07948 0.00016 0.20225 0.00040 0.02873 0.00575 35.901 0.072 
WE-R2-DB2 0.01697 0.00003 0.08582 0.00017 0.00877 0.00175 34.699 0.069 
TR-R2-DB2 0.05692 0.00011 0.06002 0.00012 0.02040 0.00408 43.926 0.088 
WE-R2-DB3 0.00000 0.00000 0.06959 0.00014 0.00000 0.00000 17.551 0.035 
TR-R2-DB3 0.04215 0.00008 0.09773 0.00020 0.03156 0.00631 27.377 0.055 
WE-R2-DB4 0.00905 0.00002 0.07318 0.00015 0.00767 0.00153 9.191 0.018 
TR-R2-DB4 0.03996 0.00008 0.12467 0.00025 0.00000 0.00000 12.676 0.025 
WE-R2-DB5 0.00820 0.00002 0.06601 0.00013 0.00000 0.00000 7.164 0.014 
TR-R2-DB5 0.01995 0.00004 0.09837 0.00020 0.00000 0.00000 13.049 0.026 
WE-R2-DB6 0.01079 0.00002 0.06379 0.00013 0.00000 0.00000 4.366 0.009 
TR-R2-DB6 0.02565 0.00005 0.19284 0.00039 0.00000 0.00000 8.743 0.017 
WE-R2-DB7 0.02073 0.00004 0.07009 0.00014 0.02525 0.00505 46.990 0.094 
TR-R2-DB7 0.03599 0.00007 0.27155 0.00054 0.04374 0.00875 49.956 0.100 
WE-R2-DB8 0.01310 0.00003 0.08178 0.00016 0.00856 0.00171 41.781 0.084 
TR-R2-DB8 0.04056 0.00008 0.24497 0.00049 0.00000 0.00000 43.411 0.087 
WE-R2-DB9 0.01414 0.00003 0.06179 0.00012 0.01702 0.00340 5.901 0.012 
TR-R2-DB9 0.02484 0.00005 0.13063 0.00026 0.01929 0.00386 9.054 0.018 
WE-R2-DB10 0.01558 0.00003 0.13001 0.00026 0.01672 0.00334 46.527 0.093 
TR-R2-DB10 0.04089 0.00008 0.08355 0.00017 0.04202 0.00840 42.962 0.086 
WE-R2-DB11 0.00616 0.00001 0.07626 0.00015 0.00823 0.00165 21.489 0.043 
TR-R2-DB11 0.02396 0.00005 0.09854 0.00020 0.00000 0.00000 32.917 0.066 
WE-R2-DB12 0.01741 0.00003 0.10710 0.00021 0.00999 0.00200 49.558 0.099 
TR-R2-DB12 0.06004 0.00012 0.00719 0.00001 0.06528 0.01306 47.092 0.094 
WE-R2-DB13 0.01160 0.00002 0.10790 0.00022 0.00000 0.00000 49.444 0.099 
TR-R2-DB13 0.04962 0.00010 0.06195 0.00012 0.01925 0.00385 43.988 0.088 
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Hg Tl Pb 
 
PPM +/- PPM +/- PPM +/- 
WE-R2-DB1 0.20281 0.04056 0.07309 0.00015 8.377 0.017 
TR-R2-DB1 0.20281 0.04056 0.20568 0.00041 11.042 0.022 
WE-R2-DB2 0.07050 0.01410 0.05209 0.00010 8.367 0.017 
TR-R2-DB2 0.07050 0.01410 0.16131 0.00032 10.583 0.021 
WE-R2-DB3 0.00024 0.00005 0.03109 0.00006 3.860 0.008 
TR-R2-DB3 0.03158 0.00632 0.10213 0.00020 5.219 0.010 
WE-R2-DB4 0.00024 0.00005 0.03903 0.00008 3.383 0.007 
TR-R2-DB4 0.01974 0.00395 0.08705 0.00017 4.195 0.008 
WE-R2-DB5 0.00024 0.00005 0.00633 0.00001 1.715 0.003 
TR-R2-DB5 0.00780 0.00156 0.05303 0.00011 2.647 0.005 
WE-R2-DB6 0.00024 0.00005 0.00595 0.00001 1.704 0.003 
TR-R2-DB6 0.00544 0.00109 0.05044 0.00010 2.585 0.005 
WE-R2-DB7 0.07353 0.01471 0.05751 0.00012 8.125 0.016 
TR-R2-DB7 0.07353 0.01471 0.15921 0.00032 10.724 0.021 
WE-R2-DB8 0.04994 0.00999 0.06272 0.00013 12.416 0.025 
TR-R2-DB8 0.09586 0.01917 0.20859 0.00042 15.764 0.032 
WE-R2-DB9 0.00024 0.00005 0.00076 0.00001 2.324 0.005 
TR-R2-DB9 0.02815 0.00563 0.05210 0.00010 4.093 0.008 
WE-R2-DB10 0.14064 0.02813 0.11133 0.00022 17.308 0.035 
TR-R2-DB10 0.14064 0.02813 0.27072 0.00054 17.308 0.035 
WE-R2-DB11 0.00024 0.00005 0.01996 0.00004 5.272 0.011 
TR-R2-DB11 0.01345 0.00269 0.10045 0.00020 6.367 0.013 
WE-R2-DB12 0.05850 0.01170 0.06870 0.00014 13.057 0.026 
TR-R2-DB12 0.05850 0.01170 0.18106 0.00036 12.994 0.026 
WE-R2-DB13 0.03369 0.00674 0.05888 0.00012 9.537 0.019 
TR-R2-DB13 0.09833 0.01967 0.16191 0.00032 10.757 0.022 
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Th U 
 
PPM +/- PPM +/- 
WE-R2-DB1 1.9140 0.0038 0.8966 0.0018 
TR-R2-DB1 4.4646 0.0089 2.8232 0.0056 
WE-R2-DB2 2.4935 0.0050 0.5602 0.0011 
TR-R2-DB2 5.2575 0.0105 2.1281 0.0043 
WE-R2-DB3 1.3941 0.0028 0.3806 0.0008 
TR-R2-DB3 3.9516 0.0079 1.5273 0.0031 
WE-R2-DB4 0.5780 0.0012 0.3333 0.0007 
TR-R2-DB4 1.6348 0.0033 1.0243 0.0020 
WE-R2-DB5 0.5554 0.0011 0.1694 0.0003 
TR-R2-DB5 3.0813 0.0062 0.7399 0.0015 
WE-R2-DB6 0.2937 0.0006 0.1049 0.0002 
TR-R2-DB6 1.3862 0.0028 0.6318 0.0013 
WE-R2-DB7 1.9518 0.0039 0.6011 0.0012 
TR-R2-DB7 5.0163 0.0100 2.0661 0.0041 
WE-R2-DB8 2.2195 0.0044 0.7353 0.0015 
TR-R2-DB8 5.4700 0.0109 2.5560 0.0051 
WE-R2-DB9 0.3917 0.0008 0.1308 0.0003 
TR-R2-DB9 1.5424 0.0031 0.6474 0.0013 
WE-R2-DB10 2.7117 0.0054 0.9293 0.0019 
TR-R2-DB10 5.3112 0.0106 2.3715 0.0047 
WE-R2-DB11 1.4334 0.0029 0.2702 0.0005 
TR-R2-DB11 3.8378 0.0077 0.9957 0.0020 
WE-R2-DB12 2.1789 0.0044 0.7023 0.0014 
TR-R2-DB12 4.0658 0.0081 1.8692 0.0037 
WE-R2-DB13 1.9215 0.0038 0.6593 0.0013 
TR-R2-DB13 4.3381 0.0087 2.0131 0.0040 
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June 2012 Sampling Data 
 
Al Ti V Cr 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R3-DB1 2487 5 41.1 0.1 7.53 0.02 6.26 0.01 
TR-R3-DB1 15915 32 499.4 1.0 51.44 0.10 81.83 0.16 
WE-R3-DB2 12879 26 285.6 0.6 30.44 0.06 27.36 0.05 
TR-R3-DB2 38534 77 842.8 1.7 86.61 0.17 92.43 0.18 
WE-R3-DB3 6534 13 129.5 0.3 13.95 0.03 13.49 0.03 
TR-R3-DB3 22468 45 787.6 1.6 45.36 0.09 42.24 0.08 
WE-R3-DB4 5897 12 101.4 0.2 14.65 0.03 12.36 0.02 
TR-R3-DB4 24759 50 354.2 0.7 35.67 0.07 30.48 0.06 
WE-R3-DB5 1819 4 34.6 0.1 5.28 0.01 3.73 0.01 
TR-R3-DB5 6899 14 220.1 0.4 10.80 0.02 7.86 0.02 
WE-R3-DB6 2982 6 53.3 0.1 7.38 0.01 6.14 0.01 
TR-R3-DB6 11132 22 329.6 0.7 17.40 0.03 13.67 0.03 
WE-R3-DB7 13219 26 232.1 0.5 29.72 0.06 30.25 0.06 
TR-R3-DB7 35646 71 548.8 1.1 61.37 0.12 56.15 0.11 
WE-R3-DB8 18621 37 352.8 0.7 40.35 0.08 39.96 0.08 
TR-R3-DB8 53722 107 519.0 1.0 93.33 0.19 92.01 0.18 
WE-R3-DB9 3251 7 67.4 0.1 7.72 0.02 6.32 0.01 
TR-R3-DB9 9805 20 256.0 0.5 15.23 0.03 12.68 0.03 
WE-R3-DB10 21149 42 409.4 0.8 45.45 0.09 42.00 0.08 
TR-R3-DB10 68610 137 447.7 0.9 87.35 0.17 86.12 0.17 
WE-R3-DB11 6360 13 122.8 0.2 15.11 0.03 14.99 0.03 
TR-R3-DB11 18953 38 346.2 0.7 35.22 0.07 29.79 0.06 
WE-R3-DB12 16500 33 317.5 0.6 37.37 0.07 35.91 0.07 
TR-R3-DB12 54497 109 444.5 0.9 90.37 0.18 94.91 0.19 
WE-R3-DB13 15598 31 314.0 0.6 39.29 0.08 33.10 0.07 
TR-R3-DB13 44289 89 528.1 1.1 85.87 0.17 89.30 0.18 
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Mn Fe Co Ni 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R3-DB1 123.2 0.2 4938 10 3.98 0.01 2.80 0.01 
TR-R3-DB1 213.5 0.4 14654 29 5.44 0.01 6.70 0.01 
WE-R3-DB2 480.6 1.0 24511 49 12.60 0.03 12.73 0.03 
TR-R3-DB2 510.8 1.0 42306 85 17.46 0.03 22.73 0.05 
WE-R3-DB3 208.4 0.4 15969 32 7.66 0.02 6.45 0.01 
TR-R3-DB3 316.1 0.6 27570 55 11.49 0.02 12.07 0.02 
WE-R3-DB4 196.7 0.4 11797 24 5.44 0.01 5.77 0.01 
TR-R3-DB4 230.2 0.5 19368 39 7.93 0.02 11.41 0.02 
WE-R3-DB5 96.2 0.2 3242 6 1.49 0.00 1.72 0.00 
TR-R3-DB5 87.4 0.2 4758 10 1.98 0.00 3.25 0.01 
WE-R3-DB6 255.1 0.5 5222 10 2.49 0.00 3.14 0.01 
TR-R3-DB6 253.4 0.5 8169 16 3.54 0.01 6.62 0.01 
WE-R3-DB7 651.7 1.3 38884 78 16.36 0.03 14.41 0.03 
TR-R3-DB7 581.7 1.2 47133 94 19.22 0.04 22.08 0.04 
WE-R3-DB8 465.0 0.9 34806 70 16.72 0.03 19.01 0.04 
TR-R3-DB8 483.0 1.0 50104 100 20.32 0.04 30.40 0.06 
WE-R3-DB9 260.7 0.5 6490 13 3.36 0.01 3.39 0.01 
TR-R3-DB9 319.5 0.6 8222 16 3.70 0.01 5.15 0.01 
WE-R3-DB10 420.5 0.8 32875 66 15.80 0.03 21.28 0.04 
TR-R3-DB10 431.7 0.9 46879 94 18.96 0.04 33.57 0.07 
WE-R3-DB11 415.5 0.8 17278 35 9.65 0.02 7.72 0.02 
TR-R3-DB11 362.7 0.7 22537 45 11.04 0.02 11.82 0.02 
WE-R3-DB12 693.0 1.4 31381 63 16.57 0.03 17.35 0.03 
TR-R3-DB12 613.7 1.2 48763 98 21.44 0.04 29.93 0.06 
WE-R3-DB13 806.2 1.6 33876 68 17.37 0.03 16.18 0.03 
TR-R3-DB13 682.3 1.4 48967 98 20.94 0.04 26.01 0.05 
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Cu Zn Ga As 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R3-DB1 1.954 0.004 7.79 0.02 1.367 0.003 3.165 0.006 
TR-R3-DB1 4.073 0.008 17.01 0.03 5.174 0.010 4.877 0.010 
WE-R3-DB2 7.409 0.015 38.52 0.08 5.236 0.010 5.947 0.012 
TR-R3-DB2 13.340 0.027 62.87 0.13 10.384 0.021 10.348 0.021 
WE-R3-DB3 3.098 0.006 21.72 0.04 2.942 0.006 3.423 0.007 
TR-R3-DB3 6.147 0.012 33.39 0.07 6.016 0.012 6.704 0.013 
WE-R3-DB4 3.825 0.008 17.93 0.04 2.394 0.005 4.352 0.009 
TR-R3-DB4 6.860 0.014 29.07 0.06 5.998 0.012 4.823 0.010 
WE-R3-DB5 1.245 0.002 5.31 0.01 0.994 0.002 2.297 0.005 
TR-R3-DB5 3.051 0.006 5.31 0.01 1.714 0.003 3.358 0.007 
WE-R3-DB6 1.930 0.004 8.86 0.02 1.524 0.003 2.571 0.005 
TR-R3-DB6 3.719 0.007 22.12 0.04 3.252 0.007 3.080 0.006 
WE-R3-DB7 7.290 0.015 48.04 0.10 4.989 0.010 7.791 0.016 
TR-R3-DB7 10.945 0.022 83.51 0.17 10.143 0.020 12.291 0.025 
WE-R3-DB8 11.042 0.022 56.51 0.11 6.854 0.014 6.511 0.013 
TR-R3-DB8 17.960 0.036 86.14 0.17 14.044 0.028 11.588 0.023 
WE-R3-DB9 2.256 0.005 9.70 0.02 1.643 0.003 2.636 0.005 
TR-R3-DB9 3.201 0.006 9.70 0.02 2.570 0.005 4.032 0.008 
WE-R3-DB10 14.774 0.030 71.00 0.14 8.343 0.017 4.548 0.009 
TR-R3-DB10 20.882 0.042 91.19 0.18 15.991 0.032 9.122 0.018 
WE-R3-DB11 4.066 0.008 25.25 0.05 2.615 0.005 4.159 0.008 
TR-R3-DB11 5.918 0.012 28.36 0.06 5.257 0.011 6.190 0.012 
WE-R3-DB12 10.474 0.021 53.46 0.11 6.426 0.013 6.851 0.014 
TR-R3-DB12 18.306 0.037 73.04 0.15 13.484 0.027 10.539 0.021 
WE-R3-DB13 8.873 0.018 47.44 0.09 5.702 0.011 8.082 0.016 
TR-R3-DB13 14.980 0.030 60.04 0.12 11.482 0.023 10.180 0.020 
 
  
31 
 
  Cd  Sb  Te  Ce  
  PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R3-DB1 0.00759 0.00002 0.0269 0.0001 0.01187 0.00237 6.99 0.01 
TR-R3-DB1 0.03529 0.00007 1.0035 0.0020 0.00949 0.00190 16.12 0.03 
WE-R3-DB2 0.00393 0.00001 0.1031 0.0002 0.00865 0.00173 31.70 0.06 
TR-R3-DB2 0.03312 0.00007 0.1108 0.0002 0.02669 0.00534 47.78 0.10 
WE-R3-DB3 0.00162 0.00001 0.0540 0.0001 0.02400 0.00480 12.71 0.03 
TR-R3-DB3 0.02269 0.00005 0.1578 0.0003 0.00933 0.00187 42.05 0.08 
WE-R3-DB4 0.00161 0.00001 0.0562 0.0001 0.00000 0.00000 12.55 0.03 
TR-R3-DB4 0.01819 0.00004 0.0466 0.0001 0.01056 0.00211 16.18 0.03 
WE-R3-DB5 0.00572 0.00001 0.0311 0.0001 0.00000 0.00000 6.16 0.01 
TR-R3-DB5 0.00647 0.00001 0.1298 0.0003 0.02719 0.00544 6.30 0.01 
WE-R3-DB6 0.00000 0.00000 0.0264 0.0001 0.00000 0.00000 6.15 0.01 
TR-R3-DB6 0.01901 0.00004 0.2148 0.0004 0.01894 0.00379 10.27 0.02 
WE-R3-DB7 0.00215 0.00001 0.1056 0.0002 0.00000 0.00000 33.72 0.07 
TR-R3-DB7 0.03782 0.00008 0.3810 0.0008 0.17252 0.03450 40.94 0.08 
WE-R3-DB8 0.01193 0.00002 0.1065 0.0002 0.04331 0.00866 41.97 0.08 
TR-R3-DB8 0.04889 0.00010 0.4430 0.0009 0.00000 0.00000 41.16 0.08 
WE-R3-DB9 0.00715 0.00001 0.0409 0.0001 0.00000 0.00000 6.21 0.01 
TR-R3-DB9 0.01383 0.00003 0.2378 0.0005 0.00000 0.00000 6.72 0.01 
WE-R3-DB10 0.00206 0.00001 0.0958 0.0002 0.01899 0.00380 41.07 0.08 
TR-R3-DB10 0.04737 0.00009 0.2276 0.0005 0.00873 0.00175 41.15 0.08 
WE-R3-DB11 0.00981 0.00002 0.0375 0.0001 0.00793 0.00159 21.59 0.04 
TR-R3-DB11 0.01556 0.00003 0.1521 0.0003 0.00000 0.00000 34.22 0.07 
WE-R3-DB12 0.01265 0.00003 0.0980 0.0002 0.01897 0.00379 46.00 0.09 
TR-R3-DB12 0.05706 0.00011 0.0000 0.0000 0.05492 0.01098 48.82 0.10 
WE-R3-DB13 0.00970 0.00002 0.0862 0.0002 0.00989 0.00198 63.24 0.13 
TR-R3-DB13 0.04187 0.00008 0.1164 0.0002 0.03841 0.00768 51.42 0.10 
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Hg Tl Pb 
 
PPM +/- PPM +/- PPM +/- 
WE-R3-DB1 0.00842 0.00168 0.01608 0.00003 1.818 0.004 
TR-R3-DB1 0.08086 0.01617 0.07240 0.00014 3.390 0.007 
WE-R3-DB2 0.01105 0.00221 0.03122 0.00006 7.718 0.015 
TR-R3-DB2 0.06206 0.01241 0.15051 0.00030 10.113 0.020 
WE-R3-DB3 0.01193 0.00239 0.02565 0.00005 3.580 0.007 
TR-R3-DB3 0.07465 0.01493 0.12202 0.00024 6.510 0.013 
WE-R3-DB4 0.00650 0.00130 0.04591 0.00009 3.932 0.008 
TR-R3-DB4 0.10816 0.02163 0.11437 0.00023 4.708 0.009 
WE-R3-DB5 0.00024 0.00005 0.00076 0.00001 1.624 0.003 
TR-R3-DB5 0.03615 0.00723 0.06368 0.00013 2.368 0.005 
WE-R3-DB6 0.00024 0.00005 0.00224 0.00001 2.370 0.005 
TR-R3-DB6 0.11191 0.02238 0.06428 0.00013 3.509 0.007 
WE-R3-DB7 0.05730 0.01146 0.04356 0.00009 8.637 0.017 
TR-R3-DB7 0.12031 0.02406 0.18590 0.00037 12.231 0.024 
WE-R3-DB8 0.09037 0.01807 0.05673 0.00011 11.861 0.024 
TR-R3-DB8 0.09081 0.01816 0.23372 0.00047 14.794 0.030 
WE-R3-DB9 0.02125 0.00425 0.00076 0.00001 2.643 0.005 
TR-R3-DB9 0.07768 0.01554 0.05086 0.00010 3.462 0.007 
WE-R3-DB10 0.15555 0.03111 0.07115 0.00014 15.245 0.030 
TR-R3-DB10 0.22896 0.04579 0.26995 0.00054 17.966 0.036 
WE-R3-DB11 0.01825 0.00365 0.01345 0.00003 5.241 0.010 
TR-R3-DB11 0.12191 0.02438 0.08573 0.00017 5.337 0.011 
WE-R3-DB12 0.12110 0.02422 0.04441 0.00009 11.897 0.024 
TR-R3-DB12 0.15306 0.03061 0.18096 0.00036 12.646 0.025 
WE-R3-DB13 0.03298 0.00660 0.03610 0.00007 10.483 0.021 
TR-R3-DB13 0.20465 0.04093 0.16412 0.00033 11.246 0.022 
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Th U 
 
PPM PPM PPM +/- 
WE-R3-DB1 0.3240 0.0006 0.1899 0.0004 
TR-R3-DB1 2.0416 0.0041 1.3248 0.0026 
WE-R3-DB2 1.7967 0.0036 0.5351 0.0011 
TR-R3-DB2 5.3036 0.0106 2.0685 0.0041 
WE-R3-DB3 0.7812 0.0016 0.2979 0.0006 
TR-R3-DB3 6.6959 0.0134 2.1802 0.0044 
WE-R3-DB4 0.5283 0.0011 0.3889 0.0008 
TR-R3-DB4 1.6263 0.0033 1.1121 0.0022 
WE-R3-DB5 0.0756 0.0002 0.1123 0.0002 
TR-R3-DB5 1.1739 0.0023 0.4569 0.0009 
WE-R3-DB6 0.1693 0.0003 0.1319 0.0003 
TR-R3-DB6 1.1258 0.0023 0.5868 0.0012 
WE-R3-DB7 1.6370 0.0033 0.5683 0.0011 
TR-R3-DB7 3.8345 0.0077 2.0393 0.0041 
WE-R3-DB8 2.1321 0.0043 0.6973 0.0014 
TR-R3-DB8 5.3206 0.0106 2.4422 0.0049 
WE-R3-DB9 0.2484 0.0005 0.1292 0.0003 
TR-R3-DB9 0.9689 0.0019 0.4632 0.0009 
WE-R3-DB10 1.8799 0.0038 0.7958 0.0016 
TR-R3-DB10 5.7644 0.0115 2.5501 0.0051 
WE-R3-DB11 0.9380 0.0019 0.2346 0.0005 
TR-R3-DB11 4.7337 0.0095 0.8539 0.0017 
WE-R3-DB12 2.8460 0.0057 0.6650 0.0013 
TR-R3-DB12 4.1121 0.0082 1.7997 0.0036 
WE-R3-DB13 1.9251 0.0039 0.6292 0.0013 
TR-R3-DB13 4.0835 0.0082 1.8583 0.0037 
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November 2012 Sampling Data  
 
Al Ti V Cr Mn 
 
PPM +/- PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R4-DB1 4964 10 95.7 0.2 16.13 0.03 13.82 0.03 137.1 0.3 
TR-R4-DB1 26865 54 239.7 0.5 89.69 0.18 54.88 0.11 276.2 0.6 
WE-R4-DB2 11501 23 259.6 0.5 27.84 0.06 23.47 0.05 531.2 1.1 
TR-R4-DB2 34767 70 596.3 1.2 89.05 0.18 101.93 0.20 529.3 1.1 
WE-R4-DB3 7392 15 145.9 0.3 15.47 0.03 14.91 0.03 328.3 0.7 
TR-R4-DB3 21090 42 379.0 0.8 51.14 0.10 56.70 0.11 383.5 0.8 
WE-R4-DB4 4358 9 78.6 0.2 10.97 0.02 9.09 0.02 192.9 0.4 
TR-R4-DB4 13966 28 305.2 0.6 20.34 0.04 17.12 0.03 170.0 0.3 
WE-R4-DB5 1364 3 22.5 0.0 4.06 0.01 2.85 0.01 102.6 0.2 
TR-R4-DB5 6071 12 247.2 0.5 10.45 0.02 8.08 0.02 110.9 0.2 
WE-R4-DB6 2821 6 45.6 0.1 7.70 0.02 5.53 0.01 316.0 0.6 
TR-R4-DB6 6893 14 236.1 0.5 11.49 0.02 10.58 0.02 299.1 0.6 
WE-R4-DB7 15650 31 250.9 0.5 32.76 0.07 32.31 0.06 638.0 1.3 
TR-R4-DB7 39671 79 428.0 0.9 63.51 0.13 57.72 0.12 562.3 1.1 
WE-R4-DB8 17721 35 332.9 0.7 36.23 0.07 35.30 0.07 540.1 1.1 
TR-R4-DB8 48694 97 655.8 1.3 94.76 0.19 93.17 0.19 538.0 1.1 
WE-R4-DB9 2550 5 51.6 0.1 6.29 0.01 4.85 0.01 170.3 0.3 
TR-R4-DB9 8533 17 216.8 0.4 14.34 0.03 11.41 0.02 175.6 0.4 
WE-R4-DB10 21786 44 398.5 0.8 45.18 0.09 42.10 0.08 468.1 0.9 
TR-R4-DB10 70638 141 386.5 0.8 107.33 0.21 97.01 0.19 494.6 1.0 
WE-R4-DB11 8336 17 158.4 0.3 18.15 0.04 17.93 0.04 440.9 0.9 
TR-R4-DB11 28248 56 306.3 0.6 48.23 0.10 42.30 0.08 437.5 0.9 
WE-R4-DB12 17276 35 314.3 0.6 39.04 0.08 36.67 0.07 887.9 1.8 
TR-R4-DB12 56044 112 529.7 1.1 91.09 0.18 99.60 0.20 694.8 1.4 
WE-R4-DB13 17386 35 326.5 0.7 37.97 0.08 35.95 0.07 730.8 1.5 
TR-R4-DB13 55217 110 325.5 0.7 97.27 0.19 111.19 0.22 727.8 1.5 
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Fe Co Ni Cu 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R4-DB1 9826 20 6.06 0.01 5.615 0.011 4.266 0.009 
TR-R4-DB1 23983 48 7.87 0.02 9.022 0.018 6.762 0.014 
WE-R4-DB2 25574 51 13.29 0.03 11.661 0.023 6.016 0.012 
TR-R4-DB2 40241 80 17.00 0.03 22.752 0.046 13.130 0.026 
WE-R4-DB3 18105 36 8.73 0.02 7.038 0.014 3.172 0.006 
TR-R4-DB3 29571 59 12.42 0.02 13.506 0.027 7.360 0.015 
WE-R4-DB4 8945 18 3.79 0.01 4.252 0.009 2.862 0.006 
TR-R4-DB4 11553 23 4.82 0.01 5.529 0.011 4.480 0.009 
WE-R4-DB5 2486 5 1.22 0.00 1.352 0.003 0.919 0.002 
TR-R4-DB5 4182 8 1.76 0.00 1.905 0.004 1.772 0.004 
WE-R4-DB6 5298 11 2.81 0.01 2.914 0.006 1.754 0.004 
TR-R4-DB6 5312 11 2.81 0.01 3.052 0.006 2.990 0.006 
WE-R4-DB7 39664 79 16.68 0.03 15.434 0.031 8.228 0.016 
TR-R4-DB7 48288 97 19.47 0.04 20.872 0.042 12.435 0.025 
WE-R4-DB8 31889 64 15.47 0.03 17.471 0.035 9.904 0.020 
TR-R4-DB8 49475 99 20.26 0.04 29.980 0.060 17.753 0.036 
WE-R4-DB9 4715 9 2.37 0.00 2.634 0.005 1.737 0.003 
TR-R4-DB9 7880 16 3.48 0.01 4.222 0.008 3.245 0.006 
WE-R4-DB10 34240 68 15.72 0.03 21.043 0.042 14.385 0.029 
TR-R4-DB10 54204 108 21.26 0.04 36.733 0.073 23.499 0.047 
WE-R4-DB11 18090 36 10.06 0.02 9.297 0.019 5.142 0.010 
TR-R4-DB11 29773 60 13.51 0.03 16.182 0.032 10.132 0.020 
WE-R4-DB12 30929 62 15.42 0.03 17.595 0.035 10.592 0.021 
TR-R4-DB12 49166 98 21.25 0.04 31.621 0.063 18.749 0.037 
WE-R4-DB13 30359 61 14.91 0.03 16.727 0.033 10.217 0.020 
TR-R4-DB13 51954 104 22.64 0.05 31.591 0.063 18.115 0.036 
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Zn Ga As Cd 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R4-DB1 23.39 0.05 4.465 0.009 2.881 0.006 0.00881 0.00002 
TR-R4-DB1 23.39 0.05 7.896 0.016 6.233 0.012 0.07892 0.00016 
WE-R4-DB2 35.15 0.07 5.233 0.010 5.417 0.011 0.01291 0.00003 
TR-R4-DB2 56.43 0.11 10.142 0.020 10.697 0.021 0.04932 0.00010 
WE-R4-DB3 23.55 0.05 3.273 0.007 4.365 0.009 0.00890 0.00002 
TR-R4-DB3 33.58 0.07 6.171 0.012 5.549 0.011 0.04561 0.00009 
WE-R4-DB4 14.25 0.03 1.922 0.004 3.972 0.008 0.00956 0.00002 
TR-R4-DB4 14.25 0.03 3.491 0.007 6.428 0.013 0.02633 0.00005 
WE-R4-DB5 4.85 0.01 0.728 0.001 2.085 0.004 0.00297 0.00001 
TR-R4-DB5 4.85 0.01 2.010 0.004 2.996 0.006 0.01698 0.00003 
WE-R4-DB6 8.62 0.02 1.289 0.003 3.140 0.006 0.00157 0.00000 
TR-R4-DB6 8.62 0.02 1.980 0.004 3.528 0.007 0.01161 0.00002 
WE-R4-DB7 48.32 0.10 5.517 0.011 9.337 0.019 0.00849 0.00002 
TR-R4-DB7 54.50 0.11 10.422 0.021 12.856 0.026 0.03787 0.00008 
WE-R4-DB8 52.26 0.10 6.878 0.014 6.988 0.014 0.00218 0.00000 
TR-R4-DB8 76.75 0.15 13.784 0.028 12.598 0.025 0.05862 0.00012 
WE-R4-DB9 9.19 0.02 0.990 0.002 1.857 0.004 0.00380 0.00001 
TR-R4-DB9 9.19 0.02 2.279 0.005 2.828 0.006 0.01385 0.00003 
WE-R4-DB10 68.81 0.14 8.270 0.017 4.913 0.010 0.02240 0.00004 
TR-R4-DB10 99.38 0.20 17.437 0.035 9.582 0.019 0.09343 0.00019 
WE-R4-DB11 29.34 0.06 3.368 0.007 3.905 0.008 0.01893 0.00004 
TR-R4-DB11 37.40 0.07 8.372 0.017 9.365 0.019 0.02847 0.00006 
WE-R4-DB12 53.88 0.11 6.367 0.013 6.855 0.014 0.00606 0.00001 
TR-R4-DB12 84.01 0.17 13.842 0.028 16.878 0.034 0.04828 0.00010 
WE-R4-DB13 52.18 0.10 6.806 0.014 6.096 0.012 0.02260 0.00005 
TR-R4-DB13 83.17 0.17 13.901 0.028 11.607 0.023 0.05087 0.00010 
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  Sb Te Ce Hg 
  PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R4-DB1 0.0529 0.0001 0.008 0.002 12.93 0.03 0.00024 0.00005 
TR-R4-DB1 0.1069 0.0002 0.023 0.005 20.70 0.04 0.01850 0.00370 
WE-R4-DB2 0.0796 0.0002 0.008 0.002 38.43 0.08 0.00024 0.00005 
TR-R4-DB2 0.2436 0.0005 0.039 0.008 48.24 0.10 0.03137 0.00627 
WE-R4-DB3 0.0632 0.0001 0.008 0.002 16.34 0.03 0.00024 0.00005 
TR-R4-DB3 0.0750 0.0002 0.009 0.002 32.48 0.06 0.00970 0.00194 
WE-R4-DB4 0.0532 0.0001 0.000 0.000 9.03 0.02 0.00024 0.00005 
TR-R4-DB4 0.2051 0.0004 0.013 0.003 9.40 0.02 0.03200 0.00640 
WE-R4-DB5 0.0298 0.0001 0.000 0.000 3.19 0.01 0.00024 0.00005 
TR-R4-DB5 0.3177 0.0006 0.000 0.000 11.87 0.02 0.02217 0.00443 
WE-R4-DB6 0.0352 0.0001 0.000 0.000 5.86 0.01 0.00024 0.00005 
TR-R4-DB6 0.4653 0.0009 0.000 0.000 6.11 0.01 0.04116 0.00823 
WE-R4-DB7 0.0952 0.0002 0.000 0.000 34.80 0.07 0.00024 0.00005 
TR-R4-DB7 0.4190 0.0008 0.000 0.000 48.73 0.10 0.08867 0.01773 
WE-R4-DB8 0.0879 0.0002 0.010 0.002 34.01 0.07 0.00024 0.00005 
TR-R4-DB8 0.9985 0.0020 0.085 0.017 44.24 0.09 0.05484 0.01097 
WE-R4-DB9 0.0270 0.0001 0.000 0.000 4.98 0.01 0.00024 0.00005 
TR-R4-DB9 0.3664 0.0007 0.000 0.000 8.23 0.02 0.04984 0.00997 
WE-R4-DB10 0.1102 0.0002 0.055 0.011 42.22 0.08 0.06473 0.01295 
TR-R4-DB10 0.5432 0.0011 0.065 0.013 47.92 0.10 0.19255 0.03851 
WE-R4-DB11 0.0639 0.0001 0.000 0.000 20.18 0.04 0.00024 0.00005 
TR-R4-DB11 0.2538 0.0005 0.020 0.004 46.18 0.09 0.09421 0.01884 
WE-R4-DB12 0.1028 0.0002 0.034 0.007 49.39 0.10 0.00408 0.00082 
TR-R4-DB12 0.3107 0.0006 0.031 0.006 53.90 0.11 0.00408 0.00082 
WE-R4-DB13 0.0807 0.0002 0.016 0.003 43.15 0.09 0.00024 0.00005 
TR-R4-DB13 0.0496 0.0001 0.056 0.011 47.84 0.10 0.00024 0.00005 
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Tl Pb Th U 
 
PPM +/- PPM +/- PPM +/- PPM +/- 
WE-R4-DB1 0.0294 0.0001 2.967 0.006 0.735 0.001 0.3899 0.0008 
TR-R4-DB1 0.1190 0.0002 4.997 0.010 3.983 0.008 1.5732 0.0031 
WE-R4-DB2 0.0276 0.0001 6.972 0.014 1.569 0.003 0.4427 0.0009 
TR-R4-DB2 0.1555 0.0003 10.755 0.022 7.262 0.015 2.2431 0.0045 
WE-R4-DB3 0.0173 0.0000 3.806 0.008 0.941 0.002 0.2725 0.0005 
TR-R4-DB3 0.0894 0.0002 4.953 0.010 2.849 0.006 1.1069 0.0022 
WE-R4-DB4 0.0240 0.0000 3.245 0.006 0.307 0.001 0.2215 0.0004 
TR-R4-DB4 0.1398 0.0003 4.862 0.010 1.477 0.003 0.9284 0.0019 
WE-R4-DB5 0.0042 0.0000 1.326 0.003 0.061 0.000 0.0781 0.0002 
TR-R4-DB5 0.0646 0.0001 3.340 0.007 0.928 0.002 0.4744 0.0009 
WE-R4-DB6 0.0056 0.0000 2.278 0.005 0.162 0.000 0.1301 0.0003 
TR-R4-DB6 0.0505 0.0001 2.808 0.006 0.767 0.002 0.4647 0.0009 
WE-R4-DB7 0.0437 0.0001 9.292 0.019 1.693 0.003 0.5811 0.0012 
TR-R4-DB7 0.1932 0.0004 11.080 0.022 5.486 0.011 2.0896 0.0042 
WE-R4-DB8 0.0439 0.0001 10.943 0.022 1.870 0.004 0.6022 0.0012 
TR-R4-DB8 0.2332 0.0005 14.669 0.029 5.257 0.011 2.4761 0.0050 
WE-R4-DB9 0.0008 0.0000 2.165 0.004 0.117 0.000 0.1189 0.0002 
TR-R4-DB9 0.0411 0.0001 3.540 0.007 1.234 0.002 0.5332 0.0011 
WE-R4-DB10 0.0673 0.0001 15.367 0.031 2.234 0.004 0.8775 0.0018 
TR-R4-DB10 0.2930 0.0006 19.440 0.039 6.894 0.014 2.9404 0.0059 
WE-R4-DB11 0.0219 0.0000 6.162 0.012 0.897 0.002 0.2800 0.0006 
TR-R4-DB11 0.1595 0.0003 9.326 0.019 7.637 0.015 1.3908 0.0028 
WE-R4-DB12 0.0479 0.0001 12.077 0.024 1.801 0.004 0.6195 0.0012 
TR-R4-DB12 0.2687 0.0005 19.121 0.038 6.714 0.013 4.0618 0.0081 
WE-R4-DB13 0.0443 0.0001 11.168 0.022 1.939 0.004 0.5914 0.0012 
TR-R4-DB13 0.1828 0.0004 13.039 0.026 4.858 0.010 2.0290 0.0041 
 
